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and a mild anti-inflammatory effect, due in part to its activity as a weak nonselective

phosphodiesterase (PDE) inhibitor. The drug has hitherto been characterised by a
narrow therapeutic index, and toxicity to this agent, marked by gastrointestinal upset,
tremor, cardiac arrhythmias, and other complications, is common in clinical practice.
20  Other drugs for chronic respiratory diseases, such as inhaled beta-agonists, inhaled
anti-cholinergics and inhaled steroids, are often prescribed instead of oral
theophylline to avoid its adverse effects. However, to date there has been limited
investigation of the therapeutic potential of inhaled theophylline in the treatment of
chronic respiratory diseases such as COPD and asthma.
25
Although theophylline has been in clinical use for many years, its molecular
mechanism of action and its site of action remain uncertain. Several molecular

mechanisms of action have been proposed, including the following.

30  Theophylline is a weak and nonselective inhibitor of phosphodiesterases, which break
down cyclic nucleotides in the cell, thereby leading to an increase in intracellular
cyclic AMP and GMP concentrations. Theophylline relaxes airway smooth muscle by
inhibition of PDE activity (PDE3, PDE4 and PDES), but relatively high

concentrations are needed for maximal relaxation (Rabe, et al. Eur Respir J 1999, 8:
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Acetylation of histone proteins is associated with activation of gene

by inhibition of PDE. It is likely therefore, that PDE inhibition is not a mechanism Of

action of theophylline when administered at low oral doses (<10mg/L).

Theophylline is also a potent inhibitor of adenosine receptors at therapeutic
20  concentrations, with antagonism of A; and A, receptors, although it is less effective
against Aj receptors (Pauwels & Joos, Arch Int Pharmacodyn Ther 1995, 329: 151-
60). There is a report that inhaled theophylline monotherapy can antagonise the
bronchoconstrictor activity of inhaled adenosine in asthmatics (Cushley et al, Am
Rev Resp Disease 1984, 129, 380-4). In addition, inhaled theophylline (given as
25  aminophylline) has also been shown to act as bronchodilator in asthmatic patients

(Kokubu H. Arerugi. 1995, 44(12):1379-86).

Theophylline has moreover recently been shown to activate histone deacetylase
(HDAC). Acetylation of histone proteins is associated with activation of gene
30  function, and it is believed that proinflammatory transcription factors which activate
inflammatory genes also cause an increase in histone acetyltransferase activity. By
increasing HDAC activity and so deacetylating histone proteins, theophylline is
believed to suppress the expression of inflammatory genes (see Barnes PJ, Am J

Respir Crit Care Med, 2003, 167:813-818). Theophylline is believed to interact with
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but is normally significantly less than the total administered.

20
However, although inhaled steroids are effective in the majority of asthma patients
their use in COPD is contentious owing to their lack of demonstrable anti-
inflammatory effect in sputum samples (Keatings et al. Am.J Respir.Crit Care Med,
1997, 155(2):542-8, Culpitt ef al. Am. J Respir. Crit Care Med. 1999, 160, 5(1): 1635-

25 1639, Loppow et al. Respir.Med. 2001, 95(2): 115-121) and their apparent failure to
affect disease progression (Burge, et al (2000). BMJ 320: 1297-1303). Other studies
examining sputum have suggested that longer treatment periods particularly with high
dose inhaled steroids do have measurable but minimal pulmonary anti-inflammatory
effects in some patients (Confalonieri et al. Thorax, 1998, 53(7): 583-585, Mirici et

30 al. Clinical Drug Investigation. 2001, 21:835-842, Yildiz et al. Respiration. 2000,
67:71-76).

Assessment of anti-inflammatory activity by examining bronchial biopsies rather than

sputum from COPD patients has also been disappointing however. In contrast to that
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gastroi nt(&se:t éthAaId dose) together with 250 or 375mg of theophylline, or 800 mcg of
budesonide plus placebo, twice daily. The plasma concentrations of theophylline that
were achieved in this study ranged from 2.5 to 17.1mg/l with a median value of
20 8.7mg/l. The effects of these two treatment paradigms were similar suggesting that
theophylline has dose sparing effects when given with a steroid. However, at the
doses used, patients suffered from drug-related side effects, including gastrointestinal
upsets, palpitations, sore throats and other side-effects associated with steroids and/or
theophylline therapy. The authors did not determine any effects of the drug
25  combination on inflammation. Similar studies investigating potential dose sparing of

inhaled steroids with oral theophylline have not been carried out in COPD patients.

Cazzola et al, (2004) Pulm Pharm Ther 17:141-145, compared the combination of the
bronchodilator salmeterol and the steroid fluticasone with the combination of oral
30  theophylline and inhaled fluticasone (500 mcg twice daily) in COPD patients over a
period of 4 months. The dose of oral theophylline was titrated to achieve plasma
concen’;rations of 10-20 mg/L as these plasma levels are required for clinical efficacy
in terms of bronchodilation. The inflammatory status of these patients was not

examined with either therapy.
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Barnes (Am J Respir Crit Care Med, 2003, 167:813-818), discusses the use of
theophylline and steroids in combination for COPD and suggests that the combination
may have a synergistic effect in reducing inflammation. However, no dosing regime
20 is provided nor is the use of administrating theophylline by the inhaled route

disclosed.

For clarity Table 1 presents a summary of the prior art in regard to oral doses of
methylxanthines administrated and corresponding theophylline plasma levels detected

25  in patients.

For clarity Table 2 presents a summary of the limited data in the prior art in regard to
inhaled doses of methylxanthines administrated and corresponding theophylline
plasma levels detected in asthma patients.

30



20 is provided nor is the use of adm nistrating theophylline by the inhaled
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165(10):| 1371-1376 Kobayashi et al| (2004). 4 weeks Theodqur 400 ng 7.9 ng/L
Respi rol|88y 9: 249- 254 (Thepphyl linke) Evans et jal., (2004) NEJM 12 weeks
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Respir J. 5 Suppl (15): 137
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(Theophylline) > 5Smg/L
Table 2
5
Publication Study Drug Dose Net peak
duration theophylline plasma
level
Bohadana et al. (1980) Single Aminophylline | 187.5 mg 0.91 mg/L
Bull.Eur.Physiopathol.Respir. | inhaled (Theophylline)
16(1):13-24. exposure
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Brief Description of the Invention

The present inventors have determined that steroids administered together with
15  methylxanthine compounds by the inhaled route at doses which alone are not effective
in treating inflammation induced by tobacco smoke (TS) in an animal model of
COPD, have a synergistic effect and are able to markedly reduce inflammation in said
models, for example by 44% or more in the tests set forth below. TS exposure is
widely accepted to be the principal cause of COPD in human beings.
20
In a first aspect, therefore, there is provided the use of a methylxanthine compound
and a steroid in the manufacture of a composition for the treatment of a chronic
respiratory disease selected from the group consisting of chronic obstructive
pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
25  and paediatric asthma in a human subject, wherein the composition is administered by
the inhaled route for pulmonary delivery, and the methylxanthine compound is

administered at a dose between 0.1 and 25 mg/day.

Advantageously, the inhaled steroid is administered at a dose which, in isolation, is
30 not effective in reducing the inflammation associated with the said respiratory disease.
The inhaled steroid may also be administered at a dose which, in isolation, has
minimal efficacy with respect to improvements in lung function and inflammation in

treating said respiratory disease.



In a first aspect, therefore, there is provided the use of a nethyl xant hi ne
conpound and a steroid in the manufacture of a conposition for the
t r eat nentwofo@/mbroeni ¢ respiratory di sease sel ected fr eoTidB20@7000432
consisting of chronic obstructive pulnonary di sease (COPD), cystic
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fluticasone or ciclesonide) using an inhal ed nethyl xanthine (such as
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from chrgn%g reg iratory di seases such as COPD by resulting in inproved
heal t h 10vghefrgducef g5 OBHHASYy function, inprovenent in neasures of
dyspnea and further reduced exacerbation frequency. The invention

recogni ses a synergistic activity between a nethyl xant hi ne conpoun and
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can be adm ni stered simultaneously t% ob{.ai n .\ e
ineffective when administered alone. The effect is not additive, but synergistic, in

that two drugs having little or no effect can be administered simultaneously to obtain

highly significant inhibition of the inflammatory response.

20 A methylxanthine compound, as used herein, refers to theophylline and
pharmacologically equivalent compounds and salts, including aminophylline and
oxtriphylline. ~ Such compounds are methylxanthines, which include caffeine,
acepifylline, ~bamifylline, bufylline, cafaminol, cafedrine, diprophylline,
dihydroxypropyltheophylline, doxofylline, enprofylline, etamiphylline, etofylline,

25  proxyphylline, suxamidofylline, Theobromine, Furaphylline, 7-propyl-theophylline-
dopamine, Pentoxifylline, Reproterol, denbufylline, IBMX, Arofylline, Cipamfylline,
HWA 448, SDZ MKS 492, BB-1502 and the like.

Steroid drugs include glucocorticoids, corticosteroids and mineralocorticoids, such as
30 dexamethasone and budesonide, beclomethasone, beclomethasone dipropionate,
flunisolide, fluticasone, Ciclesonide, mometasone, hydrocortisone, prednisone,
prednisolone, methyl prednisolone, naflocort, deflazacort, halopredone acetate,
fluocinolone acetonide, fluocinonide, clocortolone, tipredane, prednicarbate,

alclometasone dipropionate, halometasone, rimexolone, deprodone propionate,



highly significant inhibition of the inflanmmatory response. 20 A

nmet hyl xant hi ne conpound, as used herein, refers to theophylline and
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NO- dexanet hason T-126) and conpounds
referred ¥9- 299559%&3 ﬁ@%ﬁg%f@mfg&%@%{% W0212265, W0212266,
Wp02100879, W03062259, W03048181 and W03042229. Steroid drugs can al so
additional ly include next eration nolecules in developnment with reduced
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patent applications WO 00032585, WO 000210143, WO 2005034939,
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nmet hyl xant hine 1s theophylline. 15 Preferably, the steroid is budesoni de,
fluticasone or ciclesonide.

In accordance with the invention, the steroid may be administered at a standard dose,

or a dose which would have a minimal effect if administered independently of the
methylxanthine compound to an individual.

20

Advantageously, the steroid is ineffective in reducing inflammation in said respiratory
disease at the dose used. Certain respiratory diseases, including COPD, are resistant
to steroid treatment and steroid drugs are minimally effective in reducing pulmonary
inflammation. Together with a methylxanthine compound such as theophylline,

25 however, a pulmonary anti-inflammatory effect is observed.

Administration takes place via the inhaled route, providing the convenience of
patients receiving their target doses of an inhaled methylxanthine compound and
inhaled steroid, with or without a long acting bronchodilator drug, from a single
30 device. Typically the long acting bronchodilator drug would be either a long-acting
B-agonist, such as salmeterol or formoterol, or a long acting anti-muscarinic, such as
tiotropium. Administration of the steroid may also be by the oral route with the

methylxanthine compound being given by inhalation.
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conpri si Ngsfratory disease selected from the group consisting of chronic obstructive

pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
and paediatric asthma, wherein the composition is adapted for administration by the
inhaled route for pulmonary delivery and wherein the methylxanthine compound is

20  administered at a dose of 0.1 to 25 mg/day.

Moreover, the invention provides a methylxanthine compound and a steroid for
simultaneous, simultaneous separate or sequential use in the treatment of a chronic
respiratory disease selected from the group consisting of chronic obstructive
25  pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
and paediatric asthma, wherein the composition is adapted for administration by the
inhaled route for pulmonary delivery and wherein the methylxanthine compound is

administered at a dose of 0.1 to 25 mg/day.

30  Preferably, the methylxanthine compound is provided in an amount from 0.1 and 25
mg, or from 0.05 to 13 mg, or from 0.033 to 9 mg per unit dose of the composition,
said unit doses corresponding respectively to those for once per day, twice per day, or

three times per day treatment. Preferably, the daily dose is between 1 and 24 mg, 23
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exanpke, the steroid may be provided in a daily dose of 50,
Advantageously, the steroid is budesonide and is provided in an amount from 200
mcg to 1600 mcg, or from 100 mcg to 800 mcg mg, or from 65 mcg to 525 mcg per
unit dose of the composition, said unit doses corresponding respectively to those for
once per day, twice per day, or three times per day treatment. Preferably, the daily
20 dose is between 200 mcg and 1600, 1500, 1400, 1300, 1200, 1100 or 1000mcg; for
example, the daily dose is 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800,

850 or 900 mcg. Unit dosages may be calculated for once, twice or three times daily

application.

25  In a further embodiment the steroid is fluticasone and is provided in an amount from
44 mcg and 1000 mcg, or from 22 mcg to 500 mcg, or from 15 mcg to 335 mcg per
unit dose of the composition, said unit doses corresponding respectively to those for
once per day, twice per day, or three times per day treatment. Preferably, the daily
dose is between 44 mcg and 900, 880, 800, 700, 660, 600 or 500 mcg; for example,

30 the dose can be 50, 60, 88, 100, 110, 125, 150, 200, 220, 250, 300, 350, 375, 400, 440
or 450 mcg. Unit dosages may be calculated for once, twice or three times daily

application.



100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 750, 800, 900 or
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In a particularly preferred embodiment, the methylxanthine compound and the steroid
are provided in the form of an inhaler, for administration via the inhaled route. The
inhaler may be a single bottle inhaler, with the compounds provided in admixture, or a
20  twin-bottle inhaler wherein the compounds are provided separately but administered

together.

Such a kit may comprise, for example, instructions for use which direct the user to
administer the medicaments substantially simultaneously, such that they are present in

25  the patient’s body, particularly the lungs, at the same time.

In the kits or unit dosages according to the invention, the steroid is preferably present
at a dose which is insufficient to be effective in the treatment of said respiratory
disease if administered independently.

30
Importantly, plasma levels achieved with the doses of a methylxanthine compound
such as theophylline used (total daily administered dose 0.1-25 mg) fall below those
currently considered necessary for clinical efficacy (10-20mg/l) (Cazzola et al,

Pulmonary Pharmacology & Therapeutics, 2004, 17, 141-145) and those below used
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any apparent p%armacological effect in the animal model of COPD is advantageously

below 0.5mg/kg, preferably between 0.1 and 0.4mg/kg, most preferably between 0.1

and 0.3 mg/kg. Advantageously, the dose of steroid is 0.1mg/kg or less.

20 There is moreover provided a method for the treatment of a chronic respiratory
disease selected from the group consisting of chronic obstructive pulmonary disease
(COPD), cystic fibrosis, steroid resistant asthma, severe asthma and paediatric
asthma, comprising administering to a human patient in need thereof a composition
according to the foregoing aspects of the invention.

25
The effectiveness of the treatment may be assayed, in accordance with the invention,
by any technique capable of assessing inflammation. In a preferred embodiment, the
treatment of the respiratory disease is assessed by counting cells recovered by
bronchoalveolar lavage (BAL). Inflammation can also be assessed in sputum or in

30  bronchial epithelial biopsies (Rutgers et al. Eur Respir J. 2000, 15(1):109-15). Non-
invasive assessment of pulmonary inflammation can also be assessed using positron
emission tomography and I8F_fluorodeoxyglucose uptake (Jones et al. Bur Respir J,
2003, 21: 567-573).



10 Preferably, the plasma | evel of nethylxanthi ne conpound achi eved as
descri bed above is between Incg/L and | ng/L, advantageously

100ntg/ L-wogbds/esmOncg/ L- | ng/ L, 500ntg/L-1nmy/ L or 750megiiGE20my/doo4s2
Advant ageously, it is 950ncg/L or |less, 900ntg/L or less, 850ntg/L or

| ess, or 800ntg/L or less. 15 In the foregoing aspects of the invention,

t he dosage of steroi i e FRY¥m B0 JRRE QFogi cal
ef f ect i%SY%aggﬂP%’l ﬂl%{éﬁbgg&ecgf%oi%? g%é%%‘% ageoﬁtéﬁlef/é {gﬁel ow 0. 5ng/ kg,
pr ef er abjnycaphyRe meltrdplilchnd Iknpidegtesnost preferably between 0.1 and 0.3

ng/ kg. Advant ageously, the dose of steroid is O.Ing/kg or less. 20 There is
nor eover provided a nmethod for the treatnent of a chronic respiratory

di sease e . fram r W&t | f, Dh&idab st regditav@ypul nonary
%?%:d%% 1101i:1ygst ic%ﬁk?}eg oPURILSQRGAIR! k&ifhcRiy HiF i §itavdy

di sease rosis, ste 0|_d resi stant asthma, severe asthm
and ppedigtases. asivhnmgeonslypiliesicaly ewimi nis stedneedy byo 40%h @FamOopatiPeAt i n need

thereof a_conpositign agcordjing to the.foregoing,as t i nvention.

2h The cAUBRNTIDRBSE TomelHantuh fmoud e Selig SeRHry Hot 2.0V e |

t he invegb% ,namgy any techni que capabl e of assessing inflammtion. In a
enbo

preferre iment, the treatnment of the respiratory disease is assessed
by counting cells recovered by bronchoal veol ar | avage (BAL). Inflanmation

can al so be assessed jn.sputum,or in 3 i.al i i i i es
(Rut gers Aéttheafa:meEtﬂH‘eﬁh_g ﬂ)[fq?wél.l 45855, Or%fSl? i@&%@@@)@%ﬁ{%@ %lklcgglse ité{t/ég&gs sessment
of pyhnoRAK xaw&td%am@y rcE 8¢ll ahsberddyasmessetenadded tpgathérr oh31%narssi on

F-fl uor odeox

t onogr aphy and 1 ygl ucose uptake (Jones_et al.. Eur Respir J,
2003, 21lessoprefrably 30 xu0eysoand ddeatiyThy80H0eY i%ztsﬁeﬁd%niyé‘ﬁ% ¥y, the

pul nonar el.ls ar | : QI hSkd andBCk&pidages,
neutr oph%?@cé%l Oﬁ‘f/érﬁrlpﬁoglggﬁ ltégﬂn%sg{%%@gﬁg %ﬁlg&?ggig?rgﬁ%@fds ubstantially
r educi ng id Mdoarmdre Opteferabl e d4forantl adyantigedu gy a8&sor moreatheaddisivslefieethe cel |
count is reduced, by 40% or Trregre u (f% aldm' r}ist%%ti op %&761 f‘EE hyl xant hi ne
conpound oAt indiyidiiabagentsys g "r%'l’)‘D’;% %, 1CK08EV ANEEEEUSH nror & 1
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At the sane tinme, the individual doses of a nethyl xant hi ne conpound and t he
steroid 10 can advantageously reduce cell nunbers by a total, when added

t oget her ,wof20@lisme | ess, preferably 30% or | ess, and ipdeaiB2godmpodd0% or

| ess. Where the synergistic reduction of cell count on adm nistration of a
met hyl xant hi ne conpound and a steroid is 40%or nore, preferably 44% and
advant agBridfIyesbfiption ofithieligiee additive effect of the individual agents
is preferably 31% or | ess, advantageously 20% or |ess. 15 WD 2006/ 085102
PCT/ GB2006/ 000482 Brief Description of the Figures Figure 1 Effect of
Theophyl |4 Dexa e IDexG L i : gﬂﬁq Lstered orally or

i nfra- nastla ?/,1 on ﬁ%ﬁéﬁ%oﬁ%ﬂkﬁ%rﬁsexr eco@g(?f}gcfg%\elr t ﬂgét Al 24 hr post
final exposure. Fi gdrénigiefidasaity drdueh-aaslly,lérenpdgell nmmbers récokered ast

adm niistrati on when dmi pjstered in conbinati on with Dexanet hasone by
eithef the oral or th?ﬁﬁ?aﬂa@dﬁ“? EXPHUES exposed mice. Figure 3 Effect of
Theophy! Ig; emearﬁﬁﬁ?aslﬁ%sngﬁé&g J1iRe T fBbd P Rdmibikuadph Whghered orally or
intra-nasafly, on nacrophage nunbers recover 5 in the BAL 24 hr post final
exposure. Figure 4 abfigisteredfin Tombimatibn vith DeBemathasdmedyredther the il or

conbi nation, adm ni st erﬁd or al i ptr.a-nasally, on neutrophil nunbers

or i
recovered in the BRI ﬁ?utf)b[é#gﬁ‘ﬂ%ﬁegg%ﬁ%sure. 15 Figure 5 Effect of
Theophy! Ifi;fge 3Dexangthasongophyling] DexatiEfiabaid Gheir enbinatedngr ed oral Iy or
intra-nasally, on |ynphocyte nunbers recovered in the BAL 24 hr post final
expodlre. Detail ed dsysisiepsnd asallodr ine-npsallanen macrophagpamberssieenverat ent i on
enpl oys standard techni f C and biochem stry, as descri bed
i rrlmm))r/e detail bel ﬂ%ﬁﬁxﬁﬁ%q% ﬁ%lgf;rﬁg)?ﬂog%. i nvention, certzli n terns have
speci fi c pig@Bi4ngs, Eect 6f TRWPhylline, Dexamethasone or their combination,

administered orally or intra-nasally, on neutrophil numbers recovered

in the BAL 24 hr post final exposure.
15 Figure 5 Effect of Theophylline, Dexamethasone or their combination,
administered orally or intra-nasally, on lymphocyte numbers recovered

in the BAL 24 hr post final exposure.

Detailed Description of the Invention

20
The present invention employs standard techniques of pharmacology and
biochemistry, as described in more detail below. In the context of the invention,

certain terms have specific meanings, as follows.

25 The invention describes the administration of theophylline and steroid drugs in
combination, and contrasts the combined administration with individual
administration of said drugs in isolation. “In isolation” accordingly refers to the
administration of theophylline without a steroid, or vice versa, irrespective of whether
the steroid is administered before, concomitantly with or after the theophylline. The

30 intention is to differentiate between the theophylline and the steroid being
administered such that they can exert their pharmacological activities in the target

organism contemporaneously or separately.



25 The invention describes the adm nistration of theophylline and steroid
drugs in conbination, and contrasts the conbi ned adm nistration with

i ndi vi dualvo 20ebmismiogt rati on of said drugs in isolation. ‘Pcmdpodatnisn”
accordingly refers to the admnistration of theophylline without a
steroid, or vice versa, irrespective of whether the steroid is

adm ni st ¢red. before, G |k ant ]y -\ ; herBhvh istB®e The 30
i ntenti on& ?b’fn(?d&ﬁ Br g%}ﬁ@g%téoqgé{(%e@ﬁkt e t1 e%%%@?#?%%land the_S st groi d
bei ng agdfideb@r & Beming hadt theeyindisiduelk eompoheits  grnarbenedmigstered

B omasod oo Rl s SOMSTROL I SSRALA e, 0
meani ng Qe 4R SHENlankAWRNirhOOkIL T Wparindsics) sodoasmimmanungyhat the

i ndi vi du conpo can adm ni'st er simul taneously (in the formof a
conbi pat iimeudreskicraoeaftcr a suitplde sitvel Wntepval, prouisied dhat ibath ggeafsmie eefteolis| y (f or

exanpl e in separ at}e1 doses% or sequentially (directly 5 in succession or
after a $if vubiRckakthesameiBEhal - provided that both agents are active in

the subject at the sane tine). "Effective”, referring to treatnent of

i nflammatory conditions and/or respiratory disease, refers to obtaining a
r esponse ‘Bffeativeys seferning tth tretmeent «of inflamaaieryi enditipns 1T FRSPEIBEYy

di sease. The preferred assay is bron | Il ; fdd pwed by
cel | courfliisa: rﬁiﬁégrté’i t?ﬂ@g&%eg%%gg"g?g%gﬁ?g&@ﬁ i%ggrgsfln ammat i on of the
| ung.10l N relP#RBsty ARehRN The plfbred duCE brapbibalmedadatzeBALA follivesyy ar e
preferred methods of assessing inflammtion. )Jnflammati ﬂhﬁ‘ﬁ} be. i nduced
by any desilresyniegrishereindhe atseacsfeds dpdikaes 3hgR © &t ™t i on of
irritants such as I RS, a ' OhaCKHBpSRK Brdfrhad AkinoBs b
preferr eé’uﬁaﬁlc%a?ie%té’ gﬁ%m%qgéég\elﬁpgtdsﬁ??n%ﬁmﬁK pat e%tﬁnaagi)l I cation 0417481. 9,
the use ofssdsRiBgdn@anmatior dnflixhiatiyn neyibedubeedhy iany Hexinedtnasaps, stelspbnse t hat

is steroid tant as . _in COPD. In th t f /cel|
count | ng @by, Smalet Ebelsion. RRBRIENY O AOMA<EEs & Feauer dfe el

nunbelrf BY o %Qc%sn%gg’inﬁzﬁgﬁon‘lﬁwﬁmﬁ%%i §086, £5%owh0Yeeiondr th UKpatedd to a
control in which the agent is not adm nistered. "Not effective" neans,
in the sammliastiay041948L2the oseof LBY dpesofotfaidfbly eeprosfuse @p Apflgmmatory

response that is steroid resistant as is seen in COPD. In the context of the BAL/cell
counting assay, “effective” preferably encompasses a reduction in cell numbers by
30%, 35%, 40%, 45%, 50%, 60%, 65%, 70% or more compared to a control in which

20 the agent is not administered.

“Not effective” means, in the same assay, a much lower level of response. Preferably,

in the BAL/cell counting assay, “not effective” means that the reduction in cell

numbers is 30% or below, advantageously 28%, 27%, 26%, 25%, 24%, 23% 22% or
25  21% or below, and preferably 20% or below. In some instances, “not effective” can

encompass an increase in inflammation, seen for example as an increase in cell

numbers.

“Synergistic” means that the effectiveness of two agents is more than would be
30  expected by summing their respective individual effectiveness in a given assay. For
example, if theophylline and a steroid reduce cell numbers in the BAL assay by 10%
and 20% respectively when administered in isolation, a synergistic response would be
seen if the reduction in cell numbers were above 30%, preferably above 35%, 40%,

50% or more, in a combined administration of the same agents at the same dose.



in the BAL/cell counting assay, "not effective" nmeans that the reduction in
cell nunbers is 30% or bel ow, advantageously 28% 27% 26% 25% 24% 23%
22% or' 2Av02086403510Lel ow, and preferably 20% or bel ow. | rCT@B006MBOMBACES,
"not effective"” can enconpass an increase in inflammtion, seen for
exanple as an increase in cell nunbers. "Synergistic" nmeans that the
effectiveness of two agents is nore than would be 30 expected by sunm ng
their respective individual effectiveness in a given assay. For exanple,

i f t heophybinistedt referstte the aflnrieistreidorced the goi e pf theraRe BABIGAS3S) by 10%

and 20% respectively when adm.nistered in.iso ion . iSti.G response
woul d bea@g@r&qs?’ “Pﬁ]ée ’r"z‘?‘]@&&?‘ﬂ}ﬂe%n%glﬁ car é)tfgﬁe rfgngb%éggégo%%gdégefergbl y
above 35%) F%@é’{%m%e%@cg?e@iedmﬂr@mé Bf glaﬁm‘qémgﬂ agtdeiedi (SSHRYIL06-9afg/L;hE)-sane

agents a e sa ose. WD 2006/ 085102 PCT/ GB2006/ 000482 . " Adm ni st ered"”
refers t aOmigd )axith plasna kvelsmpreferabhyclessthan amgls @ndmashprefegaly less it as in a
bol us dose, to the intended subject. In the context of the present

i nvention,™@bsage is preferably expressed in terms of plasna |evels
achieved (<5ng/L; 6-9ng/L; 10- 5 20ng/L) with plasma | evels preferably |ess
than 5nmg/ L, and nost preferably |ess than l,rgg/ag. A "dose" is an anmount of
agent adr fdosezisea amovatebagentaimipisipeed asglosqiihefl 8% ge” formis a
preparation of a pharmaceutical conposition in one or nore packaged
amounts, each of which contains a single dosage in accordance with the

i nvenbi orUniSddvkidmylonans biprgarasiod oBaghaiaceutited optapbsitior imere oAty | i ne

Theophyl l;:aglsaggg San&orlll(ralts,s E:erlclfmcgfu \rzvﬁic?lhcoovr\ﬁ]air?seg %%gle agsagre irll_%gédrdé\l!xc’él w{th> ﬂ%\l N

invention.

15 Methylxanthines and Steroids
Theophylline and aminophylline

Theophylline has the structure shown below:

o)

H3C\N )‘jiN
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CH

3

20

@

and is available commercially under a variety of brand names, including Accurbron,
25 Aefobin, Aerolate, Afonilum, Aquaphyllin, Armophylline, Asmalix, Austyn, Bilordyl,
Bronchoretard, Bronkodyl, Cetraphylline, Constant T, Duraphyllin, Diffumal,
Elixomin, Elixophyllin, Etheophyl, Euphyllin, Euphylong, LaBID, Lanophyllin,

Lasma, Nuelin, Physpan, Pro-Vent, PulmiDur, Pulmo-Timelets, Quibron, Respid,



| CH3 (I) and is available commercially under a variety of brand nanes,

I ncl udi ng Accurbron, 25 Aerobin, Aerolate, Afonilum Aquaphyllin,

Ar nophyl IWwoeposAssmbi x, Austyn, Bilordyl, Bronchoretard, pBraBeoebylopss2
Cetraphyl line, Constant T, Duraphyllin, D ffunmal, Elixomn, Elixophyllin,
Et heophyl, Euphyllin, Euphylong, LaBID, Lanophyllin, Lasm, Nuelin,
Physpan, oPrg-Veat, | EMbsin PéusRdi MRldtics, TR8bR{20NThdoBRI| Theol¥eur,

Dobe) on5S BT EHIAT hbsin P SusRteg d. Sio.Phyllin, Solosin Sustaire,
Tal ot r enThdwhsan & hediBuob THeolTineBadona Theoptiybo Ehgograd, Theo-Seiir Thegspdhai r |
Theon, Theophyl , _Theogr hep- Sav,. Thepspan JTheost 1l mﬁ\ov , T-Phyl,
Uni fyl, @H?Mi Thepy y&(rjghﬁ'}-’ YiaHpiphy %%?(lal yili e%ﬁcgﬁtmnarre' 01&@1 .
Theophy! |jd&ichiSnaind of TRYSEHSneSs &, TR Ho- 1 B-ditikihye1 B furihe @)@ divhe Dr

1,3-D rre%:t}%/iﬁfanrtlhi ng and i t's general mg%em cal formula is C7rH3N402.

A nophy [1)3-Diengthylneshing land ite gereralwhemical formula is C7HeN vy nous with

t heophyl | i ne et hyl enedi am ne. Am nophylline is a derivative of

t heophyl | i ne; both are nethyl xant hines and are 10 derived from Xant hi nes.

The drug safindpRYNinei ne differs somewhat in its structure fromtheophylline
in that it contains ethyl enedi amne, as wel] ules af water.

. |
Ani nophy A ithesphiltige degvasive, dis i SYBIRYRAVS @HB%E@%B&@P?D@E@ 13%8%phy! | i ne.

s St USHHBnifind BOWNdHRRAYE of tnddnyfne BOMCHR SekhyMdchiddGand\add 1 /> O N

10  derived from Xanthines. The drug aminophylline differs somewhat in its structure
from theophylline in that it contains ethylenediamine, as well as more molecules of
water. Aminophylline tends to be less potent and shorter acting than theophylline. Its

structure is shown below:

15 (I
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| —2
Since a significant portion of the inhaled dose may be swallowed, it is important to
note that theophylline is well absorbed from the gastrointestinal tract with up to 90-

20 100 per cent bioavailability. Peak levels are achieved within 1-2 hours following
ingestion, but this is slowed by the presence of food. Theophylline is approximately
60 per cent plasma protein bound and has a mean volume of distribution of 0.5Vkg.
Plasma protein binding is reduced in infants and in patients with liver cirrhosis. The
mean plasma half-life of theophylline is about 8 hours in adults although there is large

75  intra- and inter-individual variation, and also varies greatly with age being

approximately 30 hours in premature neonates, 12 hours within the first 6 months, 5



Since a significant portion of the inhal ed dose may be swallowed, it is

I nportant to note that theophylline is well absorbed fromthe

gast r oi ntwet2nesalsstoract with up to 90 20 100 per cent bi eevaiB2adb/dobdsy. Peak
| evel s are achieved within 1-2 hours following ingestion, but this is

sl owed by the presence of food. Theophylline is approximtely 60 per cent

| . .  appr ot ! or
plasma protal ﬁp E@ﬁwﬁévﬁgafifdgfggﬁmp?@bmﬁm@; 3% Bburk Rt loOfe Qe G kg

Pl asnma protel nfants” and in patients with |iver

ci rr hosi graditally inveeasinglagsimghdredffer] i f e of theophylline is about 8 hours in
adults although there is large 25 intra- and inter-individual variation,
and al so varies greatly with age being approximtely 30 hours in premature

neonat es,Thpkgd l%'ﬁHﬁ@is%&iﬁinEﬁEoﬁéeﬂ%ﬁ 11 FRAYSdenetPatZ06Y H88HIA using
PCT/ GBZOOG/OB 482 hours up to the first year of life and ggprom mately 3.5

hour s Sup the aybesheagee F¥50 OsystgrmdQalyl ymaH cameith grea g&ristednby the tedney

Theophyl line is.mainly netabolised i bver ' r
oxi dat i oﬂlnﬁsfill}%d’ gm? h%’sﬁ%?t 8 HF%QSPkgd%@s{agﬁ%% éﬁﬁy ?g‘g‘g@é%#wa%ﬁ‘%?‘é&ar e
excr et ed dautibhBedds ENBY exdifisdtipRBaiusignothepdmge thatlhresllgvanétabalised epathe f ai | ure

are unnecessary. However, caution needs to be exercised when using other
drugs t haaytepheomg Sistert WA losagel adipstieats nepd Hobf BASS ByCopBRCUMENIB RS ge

adj ust e | | ' | he: > pl asma
Tevers. Nagyruatal 8¢ Ml votl GARy dhles By MhlcclenGin TRETHIATER O | P2
Specil@ chesphyhinel Spéagaltaakeshould be aekednawith avetthini atibickicass patiemn tveithwi t h
acute infective exacerbations of .their airways obstruction be

| nadver t G DStV ORRECEIREHIY A HRRE S EURE WPEFIROB Bt bq HatGreRlY Bk

t heophyl | hes AP BbhsFdBratiiaestahé BEbAUESn thddphyMmas AdraR1itR; PrestlidéiBaoONyCi n)
and qui nolone (e.g. ciprofloxacin) famlies of antibiotics which both
reduce t hibephgtrblidee (¢k.earytimomytio) \eadyquigoldeg riegs cimtpfieracy Ugmiliss phat
reduce theophylline.clearance..inc e cjnmetidine, .allopuri and

pr opanol an%%gé}cf Wé’bﬁﬁb(ﬁﬁir% %meapib@ﬁﬁe Fiffur'ﬁlg?e n{FeYAE dlegrg?%ggdﬁ?ﬁ ((E;mgs
combimat i @R redubd Peophlink NMdLBRE intlagO Wybiding ARpEHALI &8 iprupaticle]

ri fanpicin, phenobarbitone and particularly phenytoin and carbanazepi ne

but not t(akhegh thisorruldibepraties upnsual therpepts eorgfinating) dPyEs e Brcrease
Tl o i e T

| ess t hanphenytoin and carbamazepine but not the oral contraceptive pill. The rate of

metabolism of theophylline is increased substantially in cigarette smokers (the half

20 life can be halved), although may not be significant in those who smoke less than

10/day. Smoking marijuana has a similar effect as can eating a high protein diet.

Hepatic dysfunction, heart failure and cor pulmonale all reduce the elimination of

theophylline, and low albumin states reduce the amount of protein bound drug in the

blood, so results of plasma levels need to be interpreted with caution. Therefore, as

25  the clinical state of the patient with heart failure or respiratory failure with cor

pulmonale improves, the clearance of theophylline alters, and dosage adjustments

may be necessary.

Administering the methylxanthine by the inhaled route for pulmonary delivery is not
30 only desirable to maximise the locally mediated pulmonary anti-inflammatory
synergy with the inhaled steroid, but also to administer the methylxanthine at lower
doses (<25 mg) resulting in minimal systemic exposure (< lmg/L). Very low
methylxanthine plasma levels may significantly reduce the incidence of the systemic

side effects of standard oral methylxanthine therapy described above.



10/ day. Snoking marijuana has a simlar effect as can eating a high protein
diet. Hepatic dysfunction, heart failure and cor pul nonale all reduce the
el i m nat iwo 20d6/085tveophyl | i ne, and | ow al bumi n st ates redutasEbe/mmsent of
protein bound drug in the blood, so results of plasma | evels need to be
interpreted with caution. Therefore, as 25 the clinical state of the
patient wi,t ealt. ilure or respiratory failure with cor pul nonal e
inproves&hﬁﬁg 3ngP%ﬁce of theophylline alters, and dosage adjustnents may
be necessary. Adm nistering the nethyl xanthine by the inhaled route for

pul nonary delivery is not 30 only desirabje to xi m se t.he |ocal

medi at ed Methisagthipegempoppds, Sl Belpde Q}Fﬁeﬂﬂaynﬁm @H@Pﬁ 0p- e ve gi d, but
also to % ]ﬂjﬁﬁﬁmkﬁhe met hyl xant hi ne at | ower doses (<25 ng) resulting in
m ni nal 2@5 em Cc exposure (< Ing/L). Very low nethylxanthine plasma |evels
may significantly reduce the incidence of the systemc side effects of
standard oral nethyl xant hi ne therapy descri bed above. WO 2006/ 085102

PCT/ GB2006/ 000482 Mephyl xant hi nes Met hyl xant hi ne conpounds, which incl ude
t heophyl | i ne and ami n¢lphyl | i neX have the general fornula 5 OX R NN O
NNR R5 Wierein X epresengg hydr ogen, an aliphatic hydrocarbon radical
or - CO NR3R4; P represent aliphatic hydrocarbon radicals;
R4 represents hydrigen oq an aN phatic hydrocarbon radical and R3 and R4

together wth thel nitrogen at may al so represent an al kyl ene imno
radical with 5 ta ring rs or the norpholino radical; and R5
represents hydpegen oy w]ati ¢ hydrocarbon radical .

Rs

Wherein
X represents hydrogen, an aliphatic hydrocarbon radical or -CO-NR3Ry;
10 Ry, R; and R3represent aliphatic hydrocarbon radicals;
R, represents hydrogen or an aliphatic hydrocarbon radical and R3 and R4 together
with the nitrogen atom may also represent an alkylene imino radical with 5 to 6 ring
members or the morpholino radical; and
Rs represents hydrogen or an aliphatic hydrocarbon radical.
15
All such compounds are within the scope of the present invention; however,

theophylline itself is especially preferred.

Steroids

20
Steroid drugs in general are suitable for use in the present invention. Particular

steroids are set forth below.

Common inhaled steroids include:
25 e Pulmicort® (budesonide)

e Flovent® (fluticasone)



15 Al such conpounds are within the scope of the present invention;
however, theophylline itself is especially preferred. Steroids 20 Steroid
drugs i n wenessssaee suitable for use in the present i neemgBoe/doassti cul ar
steroids are set forth bel ow. Common inhaled steroids include: 25

Pul mcort(r) (budesoni de) Flovent (r) (fluticasone) WO 2006/ 085102

PCT/ GB2006/ 0004 nomet asone Al vesco(r il id
Aer obi d(r) '(f I%S%g8¥@z§&%§%%ggrt (r) (tri 351m:i nol one§ 25 (S/a(r:((af;)m ®)

(becl omet hagongvédkdd (ciktesbmitiels may al so be adninistered in the form of
conmbi nations with long acting bronchodilators with a range of nechani sns
i ncl udi ng bet Agokid®dHenighbkde) agoni sts (such as formoterol or sal meterol)

and/ or rmscarir‘{li C aa@a@gni st?s1l such as ipratropiumand tiotropium The
br onchodi | af or* 3 TRPHFEEFHRPHE ™t eroi d 10 conbi nation can have beta 2

adrengrgic agqg‘i,a@@ (ggtqoﬁ&%@hgmpmant agoni st activity in the sanme
nol ecul e. Advair(r) (Flovent(r) and Serevent(r)) Note: Serevent(r) is the.
| ong act i ngebeSteroidsgmay sisoshé mdmarissered igythdifoomntqfr gombppatipngs ovith Ayngand

L) L B PO B BTt AR S
G cl esoni de ang hRfsTRi@I R fornidtekol briéalBaslLaring thaycamiie aatagoiibtasudior m) .
These pr oduct Sasn%¥at1?c:p§uom bair&eg‘iééogi&rg.mﬁg r‘g)ré)r?c%%zii?zﬂo; ri]rf}crll(l’j‘cl%%ll 1Vr\1lI }:hré étgrrc])?cl ed
10 combination can have beta 2 adrenergic agonist and muscarinic antagonist
activity in the same molecule.
o Advair® (Flovent® and Serevent®) Note: Serevent® is the long acting beta-
agonist salmeterol.
e Symbicort® (Pulmicort® and Oxis®) Note: Oxis is the long acting beta-
15 agonist formoterol.
e Other steroid / B2 agonist combinations are in clinical development such as
Ciclesonide and formoterol, and fluticasone and formoterol (Flutiform).
These products may also benefit from combination therapy with inhaled
theophylline.
20
Common steroid pills and syrups include:
e Deltasone® (prednisone)
e Medrol® (methylprednisolone)
e Orapred®, Prelone®, Pediapred® (prednisolone)

25



t heophyl I ine. 20 Conmon steroid pills and syrups include: Del t asone(r)
(prednisone) Medrol (r) (nethylprednisolone) Oapred(r), Prelone(r),
Pedi apr edWo)otqussmpi sol one) 25 WD 2006/ 085102 PCT/ GB20@6/rH24é200482
Budesonide OH CH O HO CH3 1up ~ Tt .11lnp H CH3 H O Chem cal nane:
C25H3406: 430.54 (+) - [ (RS) - 16a, 17a - Butylidenedioxy - 11b, 21 5 -
di hydroxy,-,1, 4 . pregnadiene - 3, 20 - dione] CAS Registry Nunber
51333- 22j§ﬂ§§§§ggﬁ de was originally synthesised from

16a- hydr oxypr edni sol one. The unlque structure of the nolecule is the key
to its combination of high tgdfcal anti 10 inflammatory potency with
relatively |l ow potential for{systemc siﬁﬁ effects. In addition,
budesoni de is both sufficient ubl e for easy di ssol ution in
nmucosal fluids and lipid sm% bIe f upt ake by nucosal nenbranes.
Because the acetal HeaQup~gd & budesoni de exists as a 1:1

15 Fl uti casone

m xture of two 2R and

Chemical name: CysHz.O0g: 430.54 (+) - [ (RS) - 16a, 17a - Butylidenedioxy - 11b, 21
5 - dihydroxy - 1, 4 - pregnadiene - 3, 20 - dione]
CAS Registry Number : 51333-22-3

Budesonide was originally synthesised from 16a-hydroxyprednisolone. The unique
structure of the molecule is the key to its combination of high topical anti-

10  inflammatory potency with relatively low potential for systemic side-effects. In
addition, budesonide is both sufficiently water soluble for easy dissolution in mucosal
fluids and lipid soluble for rapid uptake by mucosal membranes.

Because the acetal group is asymmetrical, budesonide exists as a 1:1 mixture of two
epimers, known as 22R and 228.
15

Fluticasone




FSOCHCH3 HO -- p---CH3 CH3 HF H Q WD 2006/085102 PCT/ GB2006/ 000482
BRAND NAMES:. Cutivate, Flixonase, Flixotide, Flonase, Flovent, Flunase
CHEM CAL_walvboe/ig8102 | PCT/GB2006/000482

1(, 16(, 170-6, 9-di fl uoro- 11- hydr oxy- 16- et hyl - 3-oxo-17-(1 5

oxopr opoxy) andr ost a- 1, 4-di ene-17-carbothioic acid S-(fluoronethyl) ester

Ny ERAND AN Xaie NGRS FIPOSE RV Rt e ©
(R) -1lbeta, 16al pha, 17, 21- Tetrahydr oxypregna-1, 4-di ene- 3, 20-di one, cyclic

16, 17- acetal w th cycl ohexanecarboxal dehyde, 21-isobutyrate 20 CHEM CAL
FORVULA_ CHIBMICAL NAME:

(6(,11(,16(,170-6,9-difluoro-11-hydroxy-16-methyl-3-oxo-17-(1-
5  oxopropoxy)androsta-1,4-diene-17-carbothioic acid S-(fluoromethyl) ester

CI’IENIICAL_FORMULA . C25H31F3058
CAS_NUMBER : 80474-14-2

10
Ciclesonide

15 BRAND_NAMES: Alvesco

CHEMICAL_NAME:
(R)-1 lbeta,16alpha,17,21—Tetrahydroxypregna—1,4-diene-3,20-dione, cyclic 16,17-
acetal with cyclohexanecarboxaldehyde, 21-isobutyrate
20
CHEMICAL_FORMULA : Cz;-Hys-O7

CAS_NUMBER : 141845-82-1

25



CAS_NUMBER : 141845-82-1 25 WD 2006/ 085102 PCT/ GB2006/ 000482

Becl onmet hasone OH CH3 - OHHO CHa CHa HCL H a CHEM CAL-NAME 5 (1
1(, 16() - Swohbewossth21, 17, 21-tri hydr oxy- 16- net hyl pr egna- 1 pdTaiB2065/080480- di one
CHEM CAL FORMULA C22H29C105 CAS-NUMBER 4419-39-0 10 BRAND NAMES

(VARI ANT) Aerobec (becl omet hasone di propi onate), Al decin (becl onmethasone
di propi orgédlbmethasshen (becl onet hasone di propi onate), Andion

(becl onet'hasone dri propi onate), Beclacin (becl onethasone di propi onate),
Becl of orte (becl omet hasone di propionate), 15 Becl onet (becl onethasone

di propi onate), Beclorhinol (beclg rret hasone di propi onate), Becl oval

(becl onet hasone di propi onate), b E ecl onet hasone di propi onate),
Becodi sks (becl onet hasone dlproplon econase (becl onet hasone

di propi onate), Beconasol (becl o] 3hsoma di propi onate), Becotide

(becl omet hasone di pr oyiiy e -A (becl omret hasone di propionate),
Entyder ma (becl omet hasone %,3 | nal one (becl onet hasone

di propi onate), Korbut ongis( di propi onate), Propaderm

(becl onet hasone di pr.apiPbnat.g) . Hecl onet hasone di propionate),

Ri no-d enil (becl et : rpropi onate), Sanasthnax

H

CHEMICAL_NAME
5  (11(16()-9-chloro-11,17,21-trihydroxy-16-methylpregna-1,4-diene-3,20-dione
CHEMICAL_FORMULA
CyoH9Cl1O5
CAS_NUMBER
4419-39-0
10
BRAND NAMES (VARIANT)
Aerobec (beclomethasone dipropionate), Aldecin (beclomethasone dipropionate),
Anceron (beclomethasone dipropionate), Andion (beclomethasone dipropionate),
Beclacin (beclomethasone dipropionate), Becloforte (beclomethasone dipropionate),
15 Beclomet (beclomethasone  dipropionate),  Beclorhinol  (beclomethasone
dipropionate), Becloval (beclomethasone dipropionate), Beclovent (beclomethasone
dipropionate), Becodisks (beclomethasone dipropionate), Beconase (beclomethasone
dipropionate), Beconasol (beclomethasone dipropionate), Becotide (beclomethasone
dipropionate), Clenil-A (beclomethasone dipropionate), Entyderma (beclomethasone
20  dipropionate), Inalone (beclomethasone dipropionate), Korbutone (beclomethasone
dipropionate), Propaderm (beclomethasone dipropionate), Qvar (beclomethasone
dipropionate), Rino-Clenil  (beclomethasone  dipropionate), Sanasthmax
(beclomethasone  dipropionate), Sanasthmyl (beclomethasone dipropionate),
Vancenase (beclomethasone dipropionate), Vanceril (beclomethasone dipropionate),

25  Viarex (beclomethasone dipropionate), and Viarox (beclomethasone dipropionate).



(becl onet hasone di propi onate), Sanasthnyl (becl omethasone di propionate),
Vancenase (becl onet hasone di propi onate), Vanceril (becl onethasone

di pr opi onaDe)ee/B510Yi ar ex (becl omet hasone di propi onat e€), pema:BI@V0¥482

(becl onet hasone di propi onate). WO 2006/ 085102 PCT/ GB2006/ 000482
Triancinolone CH3 HOCH3 ~,0-1 HO.,0 CH3 CH3 H k 0 5 BRAND NAMES

Ari stoco an, Azmacort Kenal og Nasacort CHEM CAL- NAME (1
1(,16()- ;iﬁ-rﬁ\&'oj—"?l—gﬁg 21-di hydroxy 16, 17-[ 1- net hyl et hyl i denebi s(oxy) ] pregna-
|, 4- diene-3, 20-di one 10 CHEM CAL- FORMULA C24H31F06 CAS NUMBER 76-25-5 15
Sal meterol/ Advair AND:- M 3 *1- hydr oxy- 2- napht hoat e

*1- hydr oxy- 2- naphth Sal met edur, Serevent 20 CHEM CAL- NAME

(() - 4- hydr oxy- Ha :
am no] net hyl ] - 1,&' 't anol CHEM CAL- FORMULA C25H37NO4 CAS- NUMBER
25 89365-50-4 3

5 BRAND_NAMES

Aristocort, Aristospan, Azmacort, Kenalog Nasacort
CHEMICAL_NAME
(11(,16()-9-fluoro-11,21-dihydroxy-16,17-[ 1-methylethylidenebis(oxy)]pregna-1,4-
diene-3,20-dione

10 CHEMICAL_FORMULA
Cy4H3:1FO¢
CAS_NUMBER
76-25-5

15 Salmeterol/ Advair

BRAND_NAMES
*1-hydroxy-2-naphthoate *1-hydroxy-2-naphthoate: Arial, Salmetedur, Serevent

20 CHEMICAL_NAME
(O-4-hydroxy-('-[[[6-(4-phenylbutoxy)hexyl]amino]methyl]-1,3-benzenedimethanol
CHEMICAL_FORMULA
CosH37NO4
CAS_NUMBER

25  89365-50-4



WD 2006/ 085102 PCT/ GB2006/ 000482 HO HO OH NH O WO 2006/ 085102

PCT/ GB2006/ 000482 Met hyi predni solone OH xH3 HF H CH3 CHEM CAL NAME
(6(, 11() -Md,2006/0@3t0br i hydr oxy- 6- net hyl pregna- 1, 4- di ene- 3 p2®+3B2006200482
CHEM CAL FORMULA C22H3005 CAS NUMBER 83-43-2 BRAND NAMES 10 Medrat e,

Medrol, Medrone, Metastab, Metrisone, Promacortine, Supranetil, U bason
Prednisone 0O OH CH3 ,OHO CH3 H HH O

HO
HO
\_/
oH
§H
q

7\



15 BRAND- NAMES Ancortone, Colisone, Cortancyl, Dacortin, Decortancyl,
Decortin, Delcortin, Deltacortone, Deltasone, Deltison, D -Adreson,

Encort on,wbkbeeoosstoen, Nuri son, Orasone, Paracort, Predrciraspage/d8o4ni son,
Rect odel t, Sone, Utracorten 20 CHEM CAL- NAME

17, 21-di hydr oxypr egna- 1, 4-di ene- 3, 11, 20, tri one WO 2006/ 085102

PCT/ CBZOW&Q;%{&_% gjgy_gCAL FORMULA C21H2605 CAS_NUMBER 53-03-2 5

For mul at rivatives such as theophylline and ani nophyl|ine
are available in a variety of pharmaceutical preparations. Likew se,
steroid drugs are widely available in a 10 variety of formulations.

Formul ations used in the exanpl es déseribethierein are further detailed
bel ow, but any fornul ation nay- be aiggad %t he present invention which
all ows inhaled delivery (ldCgl 2 | ati on) of the drugs to the
subject in the desired dosadg 1red conpositions for use according
to the invention may swta V3 orm of tablets, blisters,

capsul es, granules, sphef bwders or |iquid preparations. In this

i nvention theophyl lin€ i tg_:ied in inhaled form Aerosol generation
can be carried out, { y pressure-driven jet atom zers or

aerosol s or propellant-free adm nistration of mcronized active conpounds
from for exanple, inhalationCHzapsules or other "dry powder" delivery
systens. Steroid drugs may be adm nistered by either the oral or inhaled
route. Advantageously, the steroid drugs are admnistered by the inhaled
route. CHEMICAL_NAME

(6(,11()-11,17,21-trikydroxy-6-methylpregna-1,4-diene-3,20-dione
5 CHEMICAL_FORMULA
C22H300s
CAS_NUMBER
. 83-43-2
BRAND_NAMES
10  Medrate, Medrol, Medrone, Metastab, Metrisone, Promacortine, Suprametil,

Urbason

Prednisone

15
BRAND_NAMES
Ancortone, Colisone, Cortancyl, Dacortin, Decortancyl, Decortin, Delcortin,
Deltacortone, Deltasone, Deltison, Di-Adreson, Encorton, Meticorten, Nurison,
Orasone, Paracort, Prednilonga, Pronison, Rectodelt, Sone, Ultracorten

20 CHEMICAL_NAME
17,21-dihydroxypregna-1,4-diene-3,11,20,trione



25 The active conpounds are dosed as descri bed depending on the inhaler
systemused, in addition to the active conpounds the adm nistration forns
addi ti onavbyossmssmin the required excipients, such as, pCOrGB2E@NOL3?2
propellants (e.g. Frigen in the case of netered aerosols), surface-active
substances, enulsifiers, stabilizers, preservatives, 30 flavorings, fillers
(e.g. | adiBEMICGAL ROBMELA! powder inhalers) or, if appropriate, further
active C(a”rﬁ_gzu ds. For the purposes of inhalation, a |arge nunber of

appar ata atreavail able with which aerosols of optimumparticle size can be
gener at e A NBMBERSt er ed, using an WO 2006/ 085102 PCT/ GB2006/ 000482

i nhal ation technique which is appropriate for the patient. In addition to

t he use éﬁ’O?’a%aptors (spacers, expanders) and pear-shaped containers (e.qg.
Nebulﬁtor(r), Vol umatic(r)), and autonmatic devices emtting a puffer spray
(Autohaler(r)), for netered aerosols, in particular in the case of powder
i nhal er s Foamdattosy of technical 5 solutions are available (e.g.

Di skhal er(r), Rotadisk(r), Accuhaler(r), Turbohaler(r), dickhaler(r),
Duohal er (r), Evohaler(r), Twisthaler(r), Aerobec, A rnmax, SkyeHal er,

Handi Hal - At t TM.I.nhal er).. or ot her inhalers for
exanpl e giaﬁﬁ%%escrl % isgél%iﬁsﬁgééél L gtag%t%?ﬁ yi}giei%%gvaaﬁblﬁ gaganely gp
407028, BP pB&dHLeyticaP prepafichs. o Lildwise Ste2bid. drk@s B%Wide?d%%ﬁléﬂeg GP3€s

treaﬁ d b%r.t he %esent, i nv§nti on specifically nclude COPD (bronchitis,
obst Vit VBB noHpYiatonss p Kormylationsnasert insthe exrpmplas rdescriteydshdreint arbr osi s,
steroi d RefestR i [Wals; [Wale LCcs) and .paedi atric

ast hma whi ch cgﬂe%?e%aédé(rj& g;{% i %Ia?:{;)@nbiﬁlhﬁg??%%%&edg’rﬁ&m? dBY °Pnventi on.
The synePgicht dllowpsnbalerbilelieryo@raifortriaealiinhatationd of e dragd ioctb ahibjctiindi cat ed
in Iong-[h%r(i&tr@deéas% since |lower quantities of drugs are needed than in
conventi onal  nono ef’api es. 1. MATERI'ALS 20 Conpounds were purchased from
an external supplier. Carboxymethyl-cellulose (CMC) (Na salt) (product

code 5C 4888) was obtajned from Signma. Phosphate
1 Preférred compositions for use according to the invention may suitably take the form

of tablets, blisters, capsules, granules, spheroids, powders or liquid preparations.

In this invention theophylline is administered in inhaled form. Aerosol generation can
be carried out, for example, by pressure-driven jet atomizers or ultrasonic atomizers,
20  but advantageously by propellant-driven metered aerosols or propellant-free
administration of micronized active compounds from, for example, inhalation
capsules or other “dry powder” delivery systems. Steroid drugs may be administered
by either the oral or inhaled route. Advantageously, the steroid drugs are
administered by the inhaled route.
25
The active compounds are dosed as described depending on the inhaler system used,
in addition to the active compounds the administration forms additionally contain the
required excipients, such as, for example, propellants (e.g. Frigen in the case of
metered aerosols), surface-active substances, emulsifiers, stabilizers, preservatives,
30  flavorings, fillers (e.g. lactose in the case of powder inhalers) or, if appropriate,

further active compounds.

For the purposes of inhalation, a large number of apparata are available with which

aerosols of optimum particle size can be generated and administered, using an



buffered saline (PBS) was obtained from G bco. Sterile saline (0.95wW v

NaCl ) and Euthatal (sodium pentobarbitone) were obtained from Freseni us
Ltd. and wbeoosBs®ei nary Drug Conpany respectively. 25 Poe/gmbannesssnoke
was generated using 1Rl cigarettes purchased fromthe Institute of Tobacco
Research, University of Kentucky, USA. Mce 30 Fenale inbred A/J mce

(body \/\/e'lﬁ-ﬁiﬁloﬁ NediiduedvhidR s %gpﬂé?ﬁate -f6P tlﬂz) ]Se‘lgﬁdﬂitﬂﬁldto fnE Qe Hgr | an,

full barrier bred and certifie eefroms eC| m Cr o- organi Sns on
recei pt. addponyi dspaverse dxpasdeds) apdt pedr-shaped agpmtainers i (alg.viNebmldigr®,

tilat I t | j d. bott d | V t de_8
chi p boddr el Ao ARNRaGE deFicah,crtiRgeR SO RE SBNEY AN afethi n' ¢ e
cages wasnetsrtd b&bsAS iRpaileuBR IR IRSRLO éf B%é&ﬁ%ﬁﬁ@{soﬁ’%&%er b chiCarSyst em

(Techni pl ast). Food (RM 1, Special Diet Services) and water were provided
ad |i Bi t@?ﬂ\uupliiﬁdlam a@vailablmi(eral Piskhaler®d Rntadisk®, WCUI]MJQ}’@% Taobobales®," pent el "

mar ki ngs a n to t nt groups.
5 2. FCRI@E}&EH] Fbe%%azeﬁc;\e%‘g)hfgfﬁu%ﬁlgﬁﬂa% Ls?ﬁ‘gsix}@aé f%cly %&g{ ’ed fresh
every dayapdiHler®) Reptnat? rgdra-Masal IhaleR) br Wther Mhaldfs fdtJexahihld 88 METHODS
Previ ous studi es have established that the total nunbers of cells recovered

in the BIQESCHQP@1“SEWPF4“C%?AWW\I§’|116WD§@P2Q5W P2l ERAWG28.11EP H50HI0. BB exposure

of 11 cony dd 7%) TS exposures, this tinme point was used in the

st udy reporte her e. Protocol s for the exposure of mce to TS, obtaining
br ond¢boal veoI ar lavage (BAL), preparation of cyt ospi n slides for
dlfferenﬁ{ cell .counts are as outlined belo Hpo ure of animals to TS

dai |y foResRirdifysdiseases, geasd SPp éha HreLSFﬁtsmé(??f&h sRecHcatp daflude(c@PRer e
exposed '(B}oﬁélﬁﬂé)so&{ru@\}enbﬂoﬁghﬁk dyaksic bﬁﬁl‘éhltl@olaﬁﬁﬂsgﬁﬁ?t &shbam&Es (27 cmx
16 cmx 12 cnm. fromthe cigarettes wa
steroid res1stant asthma (including smoking asthmatlcs) and paediatric asthma which
can be treated by the combination according to the invention. The synergistic
15 combination of the invention is particularly indicated in long-term therapy, since

lower quantities of drugs are needed than in conventional monotherapies.
1. MATERIALS

20  Compounds were purchased from an external supplier. Carboxymethyl-cellulose
(CMC) (Na salt) (product code C-4888) was obtained from Sigma. Phosphate
buffered saline (PBS) was obtained from Gibco. Sterile saline (0.95w/v NaCl) and
Euthatal (sodium pentobarbitone) were obtained from Fresenius Ltd. and the
Veterinary Drug Company respectively.

25
The tobacco smoke was generated using 1R1 cigarettes purchased from the Institute

of Tobacco Research, University of Kentucky, USA.

Mice

30  Female inbred A/J mice (body weights on initial day of use: ~20 g) were obtained
from Harlan, full barrier bred and certified free from specified micro-organisms on
receipt. The mice were housed, up to 5 per cage, in individually ventilated,
polycarbonate solid bottomed cages (IVC) with grade 8 aspen chip bedding.

Environment (airflow, temperature and humidity) within the cages was controlled by



allowed to enter the exposure chanbers at a flowrate of 100 mM/mn. In
order to mnimse any potential problens caused by repeated exposure to a
hi gh | evelvoabosli8s5(06 ci garettes), the exposure of the nipce/dB2006H0MES

i ncreased gradual ly over the exposure 25 period to a nmaxi mum of 6
cigarettes. The exposure schedule used in this study was as follows: Day
1: 2 ci gahelvessykteRP(TR¥hiipla M £X icds ' es
(approxi matel y %’4 n (r'llwéxrggsﬁdr)sea):é&l:%gq%aﬁ : é%l ?%ta%‘%ﬁfeg a?gg*é%glg(?’tﬁ{aet ely 32
min expodlipwuseded likiturg. bdiadual wainals ppreoidentificed hy dhiqné nolexpdsipestel” Day 5 to
11: 6 ci iatel 8 m n,exposu WD 2006/ 085102

PCT/ GBZOg%r Kéﬁ@&ﬁl%%p[ ?@%W%%h%gﬁébm@%’mﬁﬁ %élg\%ﬁigy%‘?ﬁﬁ?g@@‘wsai r on a daily
basis for equivalent lengths of time as controls (no TS exposure). 5

Br onc?oal ve l%er vage_and cytospin analysis Bronchoal veol ar | avage was
perfo med- aEORMY. OMhe trachea was cannul ated usi ng a Portex nylon

i ntravenous cannula (pink luer fitting) shortened to approximately 8 nm
Phosphat e buffered saline (PBS) containing heparin (10 units/m) was used
as the | &veqpendy ofi formilatio: (Pempdunds #erd formelagetidsk ekéryi dastpriok esleand

W thdrawn_ 3 ti gfa LiSi n{g % |.mM syringe and then placed in an Eppendorf tube
and kept S P3S @Pi & of# dg8iB&equent determinations. Cell counts: Lavage
fluid was separated fromcells by centrifugation and the supernatant
decanted 15 and frozen for subsequent analysis. The cell pellet was

re- si@pedddEHIADEnown vol une of PBS and total cell numbers cal cul ated by
counting a stained (Turks stain) aliquot under a m croscope using a
haenmocytoneter. Differential cell counts were performed as follows: 20 The
resi dual Pesliduspeldigthavesstebilsé®that ORI MithhBS 6 yell%@é:_o@@xle}ﬁn BR/BAL- A
volume of 500 | was placed in the funnel of a cytospin slide an

cent ri f ugEcignficantiyielevated 24t folpwingtthe figali Teexpasuraiof 18 comstcaing duilgi ned

using - K"’TiSfoR)gufrés, ! b POt Gt ﬁg'e%qﬂ)theas%ucpye{eported here.
15

Protocols for the exposure of mice to TS, obtaining bronchoalveolar lavage (BAL),

preparation of cytospin slides for differential cell counts are as outlined below.

Exposure of animals to TS daily for 11 consecutive days

20  In this exposure protocol, mice were exposed in groups of 5 in individual clear
polycarbonate chambers (27 cm x 16 cm x 12 cm). The TS from the cigarettes was
allowed to enter the exposure chambers at a flow rate of 100 ml/min. In order to
minimise any potential problems caused by repeated exposure to a high level of TS (6
cigarettes), the exposure of the mice to TS was increased gradually over the exposure

25  period to a maximum of 6 cigarettes. The exposure schedule used in this study was as

follows:

Day 1: 2 cigarettes (approximately 16 min exposure)

Day 2: 3 cigarettes (approximately 24 min exposure)
30 Day 3:4 cigarettes (approximately 32 min exposure)

Day 4:5 cigarettes (approximately 40 min exposure)

Day 5to 11: 6 cigareites (approximately 48 min exposure)



the proprietary instructions. Wen dried and cover-slipped, differential
cells were counted using |light mcroscopy. Up to 400 cells were counted by
unbi ased wpen@t351025 using |ight mcroscopy. Cells wer e pdirfdeoenibested

usi ng standard norphonetric techni ques. Pharmacoki netic eval uation of

pl asma | evel s of theophylline after oral or i.n dosing in TS exposed Al .!
m ce 30 TPhéurther growgrod niiee wiereadxppsaaina et dies Hﬁ%dba%ﬁcfopé@ﬁdal&ﬁh&?giﬁse&f by
cardi ac puncture, into yringes containing 20U lithium Heparinm in 5ul. The
col | ect egmfﬁ SRl Br "xfs&xa?fgre decanted into eppendorf tubes before
centrifugation in a mcrofuge. Plasma was collected and stored at -80C
prior to analysis by an HPLC/ M5/ M5 net hod. The equi pnment used in the
nmeasur enent of plasma | evels were a M cromann Quatro WO 2006/ 085102

PCT/ GB20 cro Mass Spectroneter (Mcromass UK Linmited) and a

Vat e% 2%@%??&%%%@%3?7%%’@8% tSograph (Waters USA). Six reference
st andar d Browhealvesihd latszeWpdsShePofRed &koll¥ws:Pi ki ng nouse plasma with 5 stock
concentrafions, of theophylline dissolved in nmethanol. Sanples were prepared

for anal y&f drashea #as rgnpdated grsing: e tRamfexr iiflen (inteaveaousi cannQla? Btk lluer

dextror plgsy ! . ndar d),,t o 501 . of each, thawed sanpl e and

st andar d anc?;1 %%e&g eJ\l/ F%%{rpg%lslfn% ?e‘fi‘y gé{%‘ﬂ Pshé)ﬁf)lfage B?Jrgerg‘f%ﬂq’ﬂ'ﬁ (HBwheontaiping

cent ri f ubephriat (10006S4N) oras Zised BsitiRSlaoa M8, ASHISHEAF /U v or

LC Nﬁél\/s aﬂ@%?@ %& Anal ysi s of thg%%hyl | i ne and dext rg{rlgﬁ%rge\%g& carried
out Usi n§® WHERGawn iriimes ying 2 tlad gutingeeans thereplacahint an Epmatiedt i on
(LG M5/ Mmbe aB@&EStoRS éﬁﬂﬁ’ ound and a specific fragnent
product were m)nIi; toorcéd |1ntggmﬁg§§eg’l?getﬁ§§g?ﬁl%ﬁ’ Moni tori ng node using a

M cromass Quatro M cro Mass Spectroneter with 15 M cromass MassLynx

sof t war ec}éﬁr&il on 4.0. A 251 aliquot of each sanple and standard was
injected onfo e liquid chromatography system Lowest order of o
quant i i Latdgeluid ¥a) sepasatéteirmens dy @entrfbhBo BAd-my shBer‘imQt%ntdc?etcgr(ftgéon limt

bei n% 0.003 ng/ L.
and frozen for subsequent analysis. The cell pellet was re-suspended in a known

volume of PBS and total cell numbers calculated by counting a stained (Turks stain)

aliquot under a microscope using a haemocytometer.

Differential cell counts were performed as follows:

20  The residual cell pellet was diluted to approximately 10° cells per ml. A volume of
500 ul was placed in the funnel of a cytospin slide and centrifuged for 8 min at 800
rpm. The slide was air dried and stained using ‘Kwik-Diff’ solutions (Shandon) as per
the proprietary instructions. When dried and cover-slipped, differential cells were
counted using light microscopy. Up to 400 cells were counted by unbiased operator

25 using light microscopy. Cells were differentiated using standard morphometric

techniques.

Pharmacokinetic evaluation of plasma levels of theophylline after oral or i.n dosing
in TS exposed A/J mice

30  The mice were terminally anaesthetised and blood collected by cardiac puncture into
syringes containing 20U lithium Heparin in Sul. The collected blood was mixed and
decanted into eppendorf tubes before centrifugation in a microfuge. Plasma was
collected and stored at -80°C prior to analysis by an HPLC/MS/MS method. The

equipment used in the measurement of plasma levels were a Micromann Quatro



20 3.1 Treatnent reginmes For the oral dose study, mce received vehicle (1%
car boxynet hyl cellul ose), theophylline (3 ng/kg), dexanethasone (0.3

mg/ kg), awbheapisyloki ne/ dexanmet hasone conbi nation (at 3pemGE20&/mudskg
respectively) or a theophylline/dexanet hasone conbination (at 1 and 0.3
ng/ kg respectively) at 1 hour prior to and 6 hours post 25 tobacco snoke
exposur e Mictd MagSptbirbheten (RREBmaks URE ikttedPHRt 2 Wt §’(Vj§5 AanéMrral s

recei vi n? steroid or the steroid conbination were dose vvlt]h steroid 20 h
prior toligpid chygmpapgrash WpEsuW8A).M ce were additional |y dosed 1 hour prior
to sacrifice on the 12th and final day (23 hrs post the | ast exposure).
The control group of mce received vehicle on days 1 to 12 and were
exposed to air daily for a nmaxi mumof 50 m nutes 30 per day. BAL and pl asna
col | ect i 8ix misemerfandaddoncenttaiondwerd $rdpated Hyapilig toase ghawenith and fi nal
TS ex osurgk WO 2006/ 08%31%2 PCT/ GB2006/.000482 For the intra-nasal dose
study? nPQES PRENAPRS ahheprhylivpesyissol veddp mpthangl Jamnmlesyetegrepared

dexanet hasQRslvEQ! .| ] : [ ion (at 0.5
and 0.1 ng/ kgyél?giég%g\%?‘;l)%ﬁé@?ﬁg%%ﬁﬁﬁég‘(ﬁgexa %%Orggﬁ{éggg?%a“ on (at

0. 25 andinternal staydarg) tesPdef ieve thawed sanple enpityhdard eddiexadei fasde

conbi nat | at -0.1 and, 0.1 5 nog/ kg .respectively) at 1 hour prior to

t obacco iszrgr%(s(eanlp}%&qﬁ?@d@ﬁl KQ%ngFe'gﬂ; £§ aHtépQSg)chrrz minxtssi a9 theani nal s

recei Vi ngupetitit derfdvetiFer SCVIOIMS gRATRiat i on were dosed with steroid 20 h
prior to the first TS exposure. Mce were additionally dosed 1 hour prior

to sggrifice on the 12th and final day (23 hrs post the | ast exposure). The
control group of mce received vehicle on days 1 to 12 and were exposed to

air dail %nhRk; i i s.her,day. . BAL and pl a ol l'ection
was per f or ?Tlggll Sg’ﬁk%ggﬁ% kgy%ﬁhﬁﬁ&ﬂ E{C%IVL&J %Sgc & g‘l?te‘%?g}% Wvﬁrﬁ%lpg"i‘sﬁ}?plﬂé

exposur ewitB. andemt andvk apentementic do@cHR(LEMSMS)ANRbYEVS idls Mrlpakgsul ts are
presented as i oints for each aninmal and the nean value was

ladi vi dual . da%a : ! . !
cal cul at E§"FB" Adre §pssifis réglﬁﬁ%t predyct wese Thstieead oy MuldplsoReactior the data
was subj RRIRGhE Ao o3 Wiciithiss CQuat? VARG MBS s felEMAL: Rh! Owed by

a Bonferroni correction mul tip
15  Micromass MassLynx software version 4.0. A 25ul aliquot of each sample and

standard was injected onto the liquid chromatography system. Lowest order of
quantification (LOQ) was determined as 0.016 mg/L. with the detection limit being
0.003 mg/L.

20 3.1 Treatment regimes
For the oral dose study, mice received vehicle (1% carboxymethyl cellulose),
theophylline (3 mg/kg), dexamethasone (0.3 mg/kg), a theophylline/dexamethasone
combination (at 3 and 0.3 mg/kg respectively) or a theophylline/dexamethasone
combination (at 1 and 0.3 mg/kg respectively) at 1 hour prior to and 6 hours post

25  tobacco smoke exposure (-1h and +6 h) on each of the 11 days. In addition, animals
receiving steroid or the steroid combination were dosed with steroid 20 h prior to the
first TS exposure. Mice were additionally dosed 1 hour prior to sacrifice on the 12
and final day (23 hrs post the last exposure). The control group of mice received
vehicle on days 1 to 12 and were exposed to air daily for a maximum of 50 minutes

30  per day. BAL and plasma collection was performed on day 12, 24 h following the

eleventh and final TS exposure.



20 conparisons in order to test for significance between treatnent groups.
A "p" value of < 0.05 was considered to be statistically significant.

Per cent agwoi2ode/dsstooons were automatically cal cul at ed wptChigB20ésmobzseel
spreadsheets for the cell data using the fornula below. % Inhibition =1 -
| Treatnent group result - shamgroup result x 100 TS vehicle group result

- sham grou sul t nhi,bition data for.o ar ters wer al cul ated
manual | y ag'i%ﬁé& gasg.ﬁcgq; S&fig’rmeéeceﬁve ISE@&@?S’)B% %g'ﬁfnﬁf grmﬁ% %ﬁ

res ponsedemmsbﬁ@(@b@@mgo hahedphyBine/dexatiesboby celmBitRfionldad 9.5 apansecut i ve
exposures to TS (24 h post final_ exposure) W 2006/ 085102 PCT/ GBZ(1)06/ 000482

In this Qtlu@g/l@xrswauéelyba ﬁSOPBYm&q!d@@ﬁ?éf&ﬁWev@lﬁ%l%thfh@ﬂ@e?é 3 0
'nf'amhgg{lx% rdBIARRRS. & EXEB%#IBX‘&/H a%b&al:orﬁﬁlﬂg gst d [1; dﬁ]IdC@'i'S' sted of

significa ease neu rop macr op ynphocyt es
when £o0 m@?l@lrespdchvdty) atebdmms pelobtortbbaec sinbkdsthodthE)on eﬁc]? offhkdd tdayé

t heophyl | dexanet hasone, and a, t heqphyl | i pe/ dexanet hasonge i nation
on the i # SR P’OW“?ES’GB%’@& feraidenr e %/tﬁfé?l COmERBHPH dtre dossdige by

el even daiehiid 90RSARNIS UR UPPS BEIEO NRe e hustistalliely PKRASG) 10

Nei t her theop Il ne nor dexanet’hasone nonot her apy en given orally or by
the int ltcasat[arfmb qnotln’eel2§'| zgmln ﬁna:ladmyl (>23|hm|pbstttbd laﬂ’n@xpostuact) nhdeontofl cel | s

recovered in the, BAL ure istically
P onl 1 b afiisEanes v Vebiee 0 by TIR T3 wems Béped i a wiiy ot Rl ' £ 0
(Fi 9o es n@xthum 16T I0NmERM: R Hay. IBIEL GRARIAIAA c‘éﬂe&fon was performed on day

t heophyl | i ne/ dexanet hasone at all doses exam ned et’her given orally or

by the i Alrdt hidlwingtheeleyenthiand Emal TS cxpasiis: t ed the t ot al

3.2 Data Measurement and Statistical Analysis
15  All results are presented as individual data points for each animal and the mean value

was calculated for each group.

Since tests for normality were positive the data was subjected to a one way analysis of
variance test (ANOVA), followed by a Bonferroni correction for multiple
20  comparisons in order to test for significance between treatment groups. A “p” value of
< 0.05 was considered to be statistically significant. Percentage inhibitions were
automatically calculated within the Excel spreadsheets for the cell data using the

formula below:

% Tnhibition = 1 - (Treatment group result — sham group result J x 100

TS vehicle group result — sham group result
25
Inhibition data for other parameters were calculated manually using the above
formula.
4.0 RESULTS

30
4.1 Inflammatory response in the bronchoalveolar lavage induced by eleven daily

consecutive exposures to TS (24 h post final exposure)



nunber of cells recovered in the BAL by 44-63% (p<0.001) (Figure 1). This
effect on total cells was conprised of inhibition of macrophages,

neut r ophiwe 200uhss@@ | ynphocytes (Figure 3-5). A full br eekdBmosafoishe
inhibition of TS induced inflamuatory cell infiltrate by the conbination
therapy is presented in Table 1. 25 4.3 Pharnacoki netic Analysis Mce
received a final dose of the respective theophylline/ Dexanet hasone
conbination therapy 1 hour prior to sacrifice and the plasma fromthese

m ce was hexhii siedy fe@posutd @[Ty fdd NE coamicative d< endies® hnWnflAndni@ogr al
conbi nati on ther api(f had hi gher nmean theophyl]ine plasma content conpared
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pl asnd | enied Glld?<010BJ. 0. 192 ngy/L and 0.479 0.047 ng/L respecti veI y.

I ntra-nasal conbination therapy using 0.5 WO 2006/ 085102 PCT/ GB2006/ 000482

ng/ kg, 0.25 ng/ kg or 0.1 ng/ kg theophylline in conbination with 0.1 ng/kg

Dexamet hggong &sgytﬁ@lopﬂ}zz%aruemﬁ&manle' R Pk 2By ﬁz\{ﬁé(éexaineﬁmg e 0. 013
nmg/ L, 0.045 ng/ L and 0.022 009 ng/L respective e doses

used intra- mlanamnnom der infledmintoep preypdrise endierd| inethei hrowehqalwao‘#ar( <0.1
/L t 1 h t d 0, DI SCUSSI ON
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failed to have 10 any inhibitory activity in this pulnonary inflamrmation
model of COPD. This |ack of pul monary anti-inflammtory activity was
obser ved Ngifbentheophidlingonen dexpmsthasene maaetheriapy avhed fiven pallyrasiby thete or a

sur 098 SE Nl fole SORALAN, AhbOF 81 RTRmIP S} 08 oo NS e RPN Lhe

conpoundS wer e or a nasa route)

at the smcd@bgﬁ‘mpgsutemﬁghmng V@ siafistially s@i\iﬂcannfnﬂuﬂmwy effyctagdsi vity was
15 denonstrat ed. Fulrlt her I}[D | ower. doses_of theophylline in conbination
with deReeEYARid 1g/ce tpes (igates dsd)-

15
In contrast, the combination of theophylline/dexamethasone at all doses examined
whether given orally or by the intra-nasal route significantly inhibited the total
number of cells recovered in the BAL by 44-63% (p<0.001) (Figure 1). This effect
on total cells was comprised of inhibition of macrophages, neutrophils and

20  lymphocytes (Figure 3-5).

A full breakdown of the inhibition of TS induced inflammatory cell infiltrate by the

combination therapy is presented in Table 1.

25 4.3 Pharmacokinetic Analysis
Mice received a final dose of the respective theophylline/Dexamethasone combination
therapy 1 hour prior to sacrifice and the plasma from these mice was examined for
theophylline content. Mice dosed with the oral combination therapy had higher mean
theophylline plasma content compared with those mice that received intra-nasal

30  combination therapy (Figure 2).

Oral combination therapy using 3 mg/kg or 1 mg/kg theophylline in combination with
0.3 mg/kg Dexamethasone resulted in mean theophylline plasma levels of 1.37 +0.192
mg/L and 0.479 £0.047 mg/L. respectively. Intra-nasal combination therapy using 0.5



Mor eover, the efficacy observed when the conbination therapy was
admnistrated by the intra-nasal route was equivalent to the efficacy
obser ved wbeanog/dssiogconbi nati on 20 t herapy was adm ni st r acedBgoddoessor al
route despite | ow doses of both theophylline and dexanet hasone bei ng used.
Thi s suggests the efficacy is being driven by local (lung specific)
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times | ower dose. Furthernore, system c theophylline |evels were - 17 tines
|l ower 30 in this exanple. Taken together, this data suggests that the

conbi nat isgn t IgsepssdN t heophylline and a steroid produces a synergistic
pul nonary anti-inflammtory response that is nmediated in vivo specifically
within the ung. WO 2006/ 085102 PCT/ GB2006/ 000482 These data denonstrate
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dexamethasone were also efficacious.

Moreover, the efficacy observed when the combination therapy was administrated by
the intra-nasal route was equivalent to the efficacy observed when the combination
20  therapy was administrated by the oral route despite low doses of both theophylline
and dexamethasone being used. This suggests the efficacy is being driven by local
(lung specific) anti-inflammatory activity. This [hypothesis] is further supported by
examining the theophylline content of the plasma, as intra-nasal administration
produced very low systemic levels (<0.1 mg/L). As an illustration, the efficacy
25 observed with oral combination therapy (1 mg/kg theophylline/0.3 mg/kg
dexamethasone) on BAL total cells (47% inhibition) was similar to that observed with
intra-nasal combination therapy (0.1 mg/kg theophylline/0.1 mg/kg dexamethasone)
(44% inhibition) when the steroid was given at 3 times lower dose and theophylline at
10 times lower dose. Furthermore, systemic theophylline levels were ~17 times lower
30 in this example. Taken together, this data suggests that the combination therapy of
theophylline and a steroid produces a synergistic pulmonary anti-inflammatory

response that is mediated in vivo specifically within the lung.



Oral dosing Theophylline (3 ng/kg) -11%(ns) -4%(ns) -10% (ns) 1% (ns)
Dexanet hasone (0.3 ng/kg) -16% (ns) -14% (ns) -46% (ns) -7% (ns)

Theophyl Iwoeogsdhssmb kg + 63% (p<0.001) 77% (p<0.001) 66%PCwEB208)00443% ( NS)
Dexanet hasone (0.3 ng/ kg) Theophylline (1 ng/kg + 47% (p<0.001) 59%
(p<0.001) 66% (p<0.05) 66% (p<0.05) Dexanethasone (0.3 ng/kg) Infra-nasal
dosi ng Thihesghydth de@ohddae M8/ ktdidlifonk o AR

Dexanet hasone (0.1 ng/kg) 13% ( nii) éfgi(?/?%t}%%%ﬁlég@}?%gi{%lﬁﬁ%?légé x‘"‘rilﬁgelophyl i ne
(0.5 ny/ kgd utesnersoinbgqy thecyagrgitc effiddt of dembinin DAdiBA% thErsPediol)

s T B .
Theophy! |Gritieally). this reffekis achiéVed WHbh &) cordtipdRTAndA)y @g%%af% 269%

(p<0.001) Dexa ttgasone (0.1 ng/kg) ns = not stati'stic rent from
TS/ ve ic|sangga&,§§ & iniaded; souig whichtneamits vt kv debealofieecpbpiting tio ki ng t he

syner gi Stobsend8dttidNh AR b Vi of . the pul nonary. deli.vered
conbi nat }gonno{‘sgu%thﬂgg%ﬁié | nlg%\gsngﬁ? llﬁlieo\«ée%)eﬁ}agi %0%0%616@?6%8%@?3 with ant-
PCT/ GB200@lap0048% acheitp(etigAsone usi ng i ntra-nasal dosing are repeated

usi ng other steroids including Fluticasone, Budesonide or C cl esonide.
Dosages for the steroids are in the range of 1 ntg/kg/day to 1 ng/kg/day. 5
It is w dgh jaccep t ' ' .Aart t .doses required for
ef ficacy of inhal ggﬂcﬁaﬁa}és&ggﬁi %?féétger%ejfdh{‘l'gb n}lf;i‘réeil g&églr?ﬂﬁéo%q Sﬁi PLant | y

di ff&@ent to thosecembisgtion eguiliSednduoed &AL ciaflyminmtionmabseived ¥4 dyal s. This
Is particularly th ase i‘fr .'inhal ed steroids. Efficacious doses of

i nhal ed steroids admomies g@X%KWQQIF%ntS with respiratory diseases are
typically in the range of 40 nctg to 1600 ntg (total dose 10 regardl ess of
individual) depending on the steroid used and nan

body V\Bi—%h-t—@-f-—t-he
reatment BAL Inflaromatory markers
Total cells macrophages neutrophils lymphocytes
% Inhibition (p value)

Oral dosing
Theophylline (3 mg/kg) -11% (ns) -4% (ns) -10% (ns) 1% (ns)
Dexamethasone (0.3 mg/kg) | -16% (ns) -14% (ns) -46% (ns) -7% (ns)
Theophylline (3 mg/kg + 63% (p<0.001) | 77% (p<0.001) | 66% (p<0.05) 40% (ns)
Dexamethasone (0.3 mg/kg)
Theophylline (1 mg/kg + 47% (p<0.001) | 59% (p<0.001) | 66% (p<0.05) 66% (p<0.05)
Dexamethasone (0.3 mg/kg)
Intra-nasal dosing
Theophylline (0.5 mg/kg) 16% (ns) 3% (ns) 25% (ns) 14% (ns)
Dexamethasone (0.1 mg/kg) | 13% (ns) 10% (ns) 16% (ns) 14% (ns)
Theophylline (0.5 mg/kg + | 54% (p<0.001) | 60% (p<0.001) | 64% (p<0.001) | 63% (p<0.001)
Dexamethasone (0.1 mg/kg)
Theophylline (0.25 mg/kg + | 60% (p<0.001) | 59% (p<0.001) | 69% (p<0.001) | 71% (p<0.001)
Dexamethasone (0.1 mg/kg)
Theophylline (0.1 mg/kg + | 44% (p<0.01) 53% (p<0.01) 59% (p<0.001) | 69% (p<0.001)
Dexamethasone (0.1 mg/kg)

ns = not statistically different from TS/vehicle group.

15 The in vivo studies detailed above demonstrating the synergistic anti-inflammatory

activity of the pulmonary delivered combination of theophylline and the steroid




ot her factors. Doses of inhaled steroids adm nistered to animals are
described in nmass per unit body weight (e.g. ng/kg) rather than absol ute
dose. Conwenbigngstobe clinically used doses into ntg/kgpralriaBaosomsari sons
bet ween human and ani mal doses to be conpared and denonstrates significant
di fferences. For exanple, Budesonide is 15 typically admnistered to

patients 0] g 6 aver age
pati ent (If}%(a%’é?h i'S eqwg/ nl%an aré?l doflré Qrg ﬁ&tﬁeésiggxme%i:&dﬁ ngfu%

nmodel of Risfidiene, Budeaidede Gitlesorids eDOiag85ﬂ>rnh<gétl§@1dwaEreéﬁ fhecrango ol but
doses of 35 nt /kg or 3.5 ncg/ kg were not when adm nistered intra-nasally
(Shen et lancgkg&%ijt@ﬁ&fg/ dakit care Med. 2002, 166(2): 146-153). 20 All
publ i cations nmentioned in the above specification are herein incorporated
by reference. Various nodifications and variations of the described

net hods dnhds syddlyrrceptedt toethpsee sialied iimﬁmnan't dimtwioksés ixguappdorefficary vhose

skilled in the art t.hout departi fromthe sco rit.of the
present lﬁb@ﬁ‘fd&gs agl ipisteERd fonant 4% bg ?fﬁ%’%ﬂ”ﬁfy Higgerezg tﬁg OPCALSES i bed i n
connect i oBqWddfos Btdaky ?n Hﬁl%‘fﬂ?'iﬁcﬁdidﬁﬂ?()@hﬁe@tp%mdularﬁ'hﬁﬂ|cgsé3fbr iking&s st ood
that the |nvent|on as claimed should not be unduly lI'imted to such specific

enbodi mertteroidsnddifticacieusi dosesnofliifbaled i stareidsf adrhipistrsed rtobpakiantsd ewitlf or

carrying out.  the.inventi re_obvi ski |

by ochen seratcrs et ash i’ T, e ey ob o e ® 900 S1a LGB Brers ar e

i nt enged &garb@sy\bﬁmd@ &éightsma@lmﬁvmﬁm) défnfiiak loawhe etefdid bl andOn2®P6/ 085102
PCT/ GB2006/ 000482 dains 1. Use of a nethyl xanthine conpound and a steroid

in the neeth¢rfeetomse Depegof 1@bﬁ%§¢tq1‘éﬁ1admnlswﬁél to aaiRde Ate depcriped fin Eﬂ%‘ﬁ%
respirato C r

obst Ut 1k EEER Gefp6l ok kO 0By R RoEE LR B RN ¢
asthma, seeeé rdesaahﬂmrmcghgl aflawsli |catn|panscms ﬂalatmaen rhuanan Fmdeamimaibjosed to bd]er ein

e, COMPoSLLLon L5y dom st et s B hedatialed ot Lol mmpary
bet we@n Opyli 3 adiminf®rE@ patients in the range of 200 meg — 1600 mcg per day, which
for an average patient (70 kg) is equivalent to 2.9 mcg/kg — 22.9 meg/kg. In a mouse
model of asthma, Budesonide at a dose of 350 mcg/kg was efficacious but doses of 35
mcg/kg or 3.5 mcg/kg were not when administered intra-nasally (Shen et al.
Am.J.Respir.Crit Care Med. 2002, 166(2): 146-153).
20
All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invention has
25 been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry, molecular biology
and biotechnology or related fields are intended to be within the scope of the

30 following claims.



10 2. Use according to claim1l1, wherein the conposition conprises one or
nore pharmaceutically acceptable additives, diluents and/or carriers. 3.
Use accorwongogo3smkai ns 1 and 2 where the nethyl xant hi necramgoesndoiss 15
adm ni stered at a dose that achieves plasma | evels between 1 pg/L and 1
ng/L. 4. Use according to any one of clains 1-3 wherein the nethyl xant hi ne
conpound used in the conposition is sélected fromthe group consisting of

t heophyl IQIaens am nophyl i ne and oxtriphylline. 20 5. Use according to any
one of clains 1-4, wherein the inhaled steroid admnistered is selected
fromthe group consisting of budesonide, fluticasone and ciclesonide. 25
6. Use accogdi ng | 2 i e{..0} BHdes0 e, and
sai d stero?d |sUt'31§r(r)1?n| sglhﬁdxém%eegé&g{sj edt é\}e{:&:h%ge(ggfdn%lgﬂ%nfg%ﬁoo m:git ger
day. 7. Use accocanpagitiom for dhentibatmeinepfarchtdige reshahtody diseaseisdlecwd from

flutigasone, and_ said sterqid |s adm nist red t doses bet 44 ncg and
1000 Seg per day (a0 CuSistng ob fuPh EstieE R EhowRE fBema GO A DS
steroid is Gcl eﬁﬁfusﬂeste?da&i ré@dteht Sughl Ly éléfﬂsﬂirﬁé ﬁﬁ@gaécﬁatﬁesa@ﬁmﬁelmen 40
ncg and 500 ntg g . WD 2006/ 085102 PCT/ GB2006/ 000482 :

met hyl xant hi ne ¢ muﬁdnjem,dWhergmehhgucanmantlgm puddrainestered by itriinhaled gogte
separate or sequ nt| eJdn the t of,.a chronic . re

di sease selecte %dﬁﬁ‘f)eﬁ% %1“@ éX%ﬁIhIE% F%W%urbdolgtﬁaﬁjé?lg\%ed at

pul nonary di seasgdoﬁmen@yaﬁdgsmgm@sl s, steroid resistant asthnma,

severe asthma and paediatric 5 asthnms, \/\herel n the conposition is adapted
for d8nministration by the inhaled route for pul m)nary delivery and wherein
e feLhyl xant bt DR GOMRAHDTo| duinP 4 WAL IR e Ho QA Ertiiidds bnb Or2fo0! day.
10. A pharnéceutical  conp8sition conprising a xant*hi ne conpound and a

10 steroid for upkarhnacdtieally aatepable adﬂ1tﬂes;iduluentsam@s¢na1m¢r9.r y di sease
sel ected from

3. Use according to claims 1 and 2 where the methylxanthine compound is
15 administered at a dose that achieves plasma levels between 1 pg/L and 1 mg/L.
4. Use according to any one of claims 1-3 wherein the methylxanthine compound

used in the composition is selected from the group consisting of theophylline,
aminophylline and oxtriphylline.
20
5. Use according to any one of claims 1-4, wherein the inhaled steroid
administered is selected from the group consisting of budesonide, fluticasone

and ciclesonide.

25 6. Use according to claim 5, wherein the inhaled steroid is budesonide, and said

steroid is administered at doses between 200 mcg and 1600 mcg per day.

7. Use according to claim 5, wherein the inhaled steroid is fluticasone, and said
steroid is administered at doses between 44 mcg and 1000 mcg per day.
30
8. Use according to claim 5, wherein the inhaled steroid is Ciclesonide, and said

steroid administered is doses between 40 mcg and 500 mcg per day.



the group consisting of chronic obstructive pul nonary di sease (COPD),
cystic fibrosis, steroid resistant asthma, severe asthnma and paediatric
ast hna, wben&/o3stobe conposition is adapted for adm ni strcatgBenodnpoishe

i nhal ed route for pulnonary delivery and wherein the nethyl xant hi ne
compound is 15 administered at a dose of 0.1 to 25 ng/day. 11. A
conposition according to claim9 or claim10, wherein the nethyl xant hi ne
conmpound i 9.t heoghyibthiykantai@ tEnpruadi ddda isteraid forosimtiltdreons, Gsithubato@S ny,
or fromO0.05 to 13 ng, or fromO0.033 to 9 ng per, unit dose .of th

conposi tion, 20 ssBMateups peayertid useip 4% Higaing Pé@p&HPF‘\‘ie“le?PW"éorﬁ' 885¢ or

TS D%, 50 gl S ARk Sy Bt

conposition according to c m 10 ereln the steroi ]
budesoni de and i CQRD)y icgeit fibrosis) starvidnesiftamrasibOt:, sevgre asttirs®@ndipagdiatric f r om

25 100 nctg to 800 ntg, .or .from 65 ncg to 525 er. unit se af. t.h
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conposition according to claim9 or claim 10 wherein" the steroid is 30

fluticasone and admipisterédiaich dose ah0dtodhmg/daym 44 ncg and 1000 ncg, or from
22 ncg to 500 ncg, or from1ll ncg to 335 ntg per unit dose of the
conposition, said unit doses corresponding respectively to those for once

per day, typ.ce Rehafiadceuiéal cbmp6sitibesmpasingaymdthARLMEBIAL coMPodDAMDE5102
PCT/ GB2006/ 000482 ~ 14. A conposition according to claim9 or claim10

wher é0n the st er#¢i9id forase i thsrireptmeniPliaschspmig rerpiatory diseassoglected MM 40 ncg
and 500 ntg, or fr : . . O.J1eg per
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treatnent. 15. A nethod for the treatnent of. a chronic respjrator i sease
sel ect ed from t hWhergigliis cepResider ﬁga%éf’teék?r@rﬁ]inlimégétf%]& thed ‘I’dfﬁﬂlfger g’f

di sease (COPD), gMﬁ{oinsr 1%1&%@ O whtRIP! the' embMyARAhthaR NeBmpsiaMeris
asthma and paediatric gst ma,
15 administered at a dose of 0.1 to 25 mg/day.

11. A composition according to claim 9 or claim 10, wherein the methylxanthine
compound is theophylline and is provided in an amount from 0.1 and 25 mg,
or from 0.05 to 13 mg, or from 0.033 to 9 mg per unit dose of the composition,

20 said unit doses corresponding respectively to those for once per day, twice per

day, or three times per day treatment.

12. A composition according to claim 9 or claim 10 wherein the steroid is
budesonide and is provided in an amount from 200 mcg to 1600 mcg, or from

25 100 mcg to 800 mcg, or from 65 mcg to 525 mcg per unit dose of the
composition, said unit doses corresponding respectively to those for once per

day, twice per day, or three times per day treatment.

13. A composition according to claim 9 or claim 10 wherein the steroid is

30 fluticasone and is provided in an amount from 44 mcg and 1000 mcg, or from
22 mcg to 500 mcg, or from 11 mcg to 335 mcg per unit dose of the

composition, said unit doses corresponding respectively to those for once per

day, twice per day, or three times per day treatment.



conprising admnistering to a human patient in need thereof a conposition
according to any one of clains 9 to 14. 16. A kit for the treatnent of a
chroni c rwepscssroy di sease sel ected fromthe group 15pcurcs2846/000480f
chronic obstructive pul nonary di sease (COPD), cystic fibrosis, steroid
resi stant asthma, severe asthma and paediatric asthma, conprising a

nmet hyl xant hi ne conpound and a steroid in unit dosage form adapted for

adm nistration by the inhaled route for pul nonary delivery and wherein the

met hyl xant hi ne conpound .i,s adm ni stered. at_a dgse qf 0,1 to .25 ng/.day. 20
17. A kit a!:%ord?‘nﬁmin_BO%'il%ﬂ r?F@L%QWSe‘PeFWIPh%_OFre‘ﬁﬂW 30 Fheiw M@?R@ Bnd the
steroid are provm&&h%le‘éﬂﬁtis ﬁg@ﬁﬁ&% af aRbEh I Gorh 20aAYg SNESOS mebdr okl tO

14. 18. A Kit accor gtocraiml6 or claim1l7, said kit being in the
formof an 25 i20ahey to 280 mag mgnet frod idmeghte 1 7@ mogepar wiit dosehefoflec

respiratory disease selected fromthe roup consistin chronic
obstrdctive pul nBYEPSIRT: & émﬂt(fg§f§) ?%%B?‘f‘@ng ?els?ﬁ%lg Plél,gmgl%s? gilgldofl’%es?e%: t ant
ast hma, severe aag}h,rmicgryér DAL d} Midd gmeSpd @Ay td&ine@fiPri si ng admi ni stering by

the inhaled route Tor pulnonary delivery to a subject in need thereof an
anount of a steroid effective to treat said pul nonary disease in the

subj ect, thecinpr,oye t I.S] knc ' J £ e.steroid
by 2l S0 adrii ot & FRGORHes R e of RN AlahlBn e ediq polifu
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adm nistered at a dose of 0.1 to 25 ng/day. ..
10 fibrosis, steroid resistant asthma, sévere asthma and paediatric asthma,
comprising administering to a human patient in need thereof a composition

according to any one of claims 9 to 14.

16. A Xkit for the treatment of a chronic respiratory disease selected from the group
15 consisting of chronic obstructive pulmonary disease (COPD), cystic fibrosis,
steroid resistant asthma, severe asthma and paediatric asthma, comprising a
methylxanthine compound and a steroid in unit dosage form adapted for
administration by the inhaled route for pulmonary delivery and wherein the
methylxanthine compound is administered at a dose of 0.1 to 25 mg/day.
20
17. A kit according to claim 16 wherein the methylxanthine compound and the

steroid are provided in unit dosages according to any one of claims 11 to 14.

18. A Kit according to claim 16 or claim 17, said kit being in the form of an
25 inhaler.

19.  In amethod for the treatment of a chronic respiratory disease selected from the
group consisting of chronic obstructive pulmonary disease (COPD), cystic
fibrosis, steroid resistant asthma, severe asthma and paediatric asthma,

30 comprising administering by the inhaled route for pulmonary delivery to a
subject in need thereof an amount of a steroid effective to treat said pulmonary
disease in the subject, the improvement comprising increasing the efficacy of

the steroid by also administering theophylline to the subject by the said



WO 2006/085102 PCT/GB2006/000482

inhaled route, wherein theophylline is administered at a dose of 0.1 to 25

mg/day.



